Abstract. A number of planetary objects exhibit large radar reflectivity and polarization ratios, and more recently, a similar behavior has been observed over a vast portion of the Earth's surface: the percolation facies of the Greenland Ice Sheet. Surface-based ranging radar data and snow stratigraphy studies demonstrated that the radar properties of that portion of Greenland are caused by enhanced scattering from massive, large, solid-ice bodies buried in the top few meters of the dry, cold, clean snowy surface of the ice sheet and created by seasonal melting and refreezing events. Here, we model the icy inclusions as randomly oriented, discrete, noninteracting, dielectric cylinders embedded in a transparent snow medium. An exact analytical solution is used to compute the scattered field from the cylinders. Using this model, we correctly predict the polarimetric radar observations gathered by an airborne imaging system at three wavelengths (5.6, 24, and 68 cm), between 19 ø and 65 ø incidence angle. The diameter and number density of the cylinders that are inferred from the radar data using the model are consistent with in situ observations of the icy inclusions. The large radar reflectivity and polarization ratios are interpreted as arising from internal reflections of the radar signals in the icy inclusions that first-order external reflection models fail to predict. The results compare favorably with predictions from the coherent backscatter or weak localization theory and may provide a complementary framework for interpreting exotic radar echoes from other planetary objects.
. It had been known for several years that the percolation facies exhibited an unusual strong type of radar backscattering [Swift et al., 1985] , but it was not until 1991 that calibrated radar data could be gathered in that region, at three different wavelengths, multiple incidence angles, and most important, with the full polarimetry, using the NASA/Jet Propulsion Laboratory AIRSAR airborne synthetic-aperture radar imaging system [•an Zyl et al., 1992] . The AIRSAR results showed that the circular and linear polarization ratios of the Greenland percolation facies are extremely large and comparable in magnitude to the largest ratios recorded for EGC. -•  24-cm   ,,I,,,,,,,,,I,,,,,,,,,I,,,,,,,,,I,•, The CM number refers to the nomenclature used to archive the AIRSAR images, A (cm) is the observing wavelength, Hence, the IEM model predictions, together with numerous radar observations of rough terrestrial surfaces (Table 1) , strongly suggest that surface scattering from the ice layers cannot explain the radar characteristics of Greenland.
A Backscatter
Model for the Percolation Facies
One common deficiency of many backscatter models is that they are only approximations to the exact solution of the scattered field from the scattering objects.
Higher-order modes of interactions of the radar signals with the objects are simply ignored. Although this simplification is justified for most natural targets, it is not the case for Greenland, where higher-order internal reflection terms are predominant. oriented in the horizontal plane, we have a oBecause the ice pipes and lenses are typically separated by much more than one wavelength, the scattered field from these objects is uncorrelated. As a result, total radar backscatter from a distribution of discrete, dielectric cylinders is computed as the incoherent sum of the scattered field from the noninteracting, discrete cylinders.
The absorption properties of dry, cold snow are assumed to be negligible. Snow is nearly transparent to radar signals at those wavelengths. Snow, however, steepens the incidence angle of the radar illumination through refraction of the radar signals at the Mr-snow interface, reduces the dielectric constant of water-ice in dry air (½ = 3.2) to a lower value corresponding to water-ice in dry snow (½ = 
which is independent of both h and cu. This result means that when the cylinder length fluctuates by --, ,• or more, the mean cylinder length has no influence on the radar properties of the cylinder. Given the typical sizes of ice pipes and lenses, this condition is easily satisfied at 5.6 and 24 cm. We assume it also applies at 68 cm. Hence, the shape factor f2 is only a function of the incidence angle.
We now examine how to compute the scattered field from randomly distributed discrete, dielectric cylinders, given the solution for one cylinder. The scattering ma- 
